The prominent lines of 70 elements as emitted in an inductively coupled plasma excitation source have been identified. The lines are listed alphabetically by element and numerically by wavelength. Detection limit capabilities are estimated for each spectral line.
INTRODUCTION
A comprehensive listing of spectral lines with appropriate intensity information is an invaluable aid in the development of spectroscopic analytical methods. The existing wavelength tables 1-s have been excellent sources for the identification of spectral lines and for interpretation of spectra in arc, spark, and flame atomic spectroscopy. For many elements, the relative intensities exhibited by the spectra excited in the inductively coupled plasma (ICP) do not correspond to the information available in the published wavelength tables. A typical example is shown in Table I . These data show that the Mg II line intensities are much stronger, relative to the Mg I line intensities, in the ICP than in arc and spark excitation sources. Because of these relative intensity disparities, an atlas of the spectra of all elements as observed in the emissions from ICPs would serve as a useful guide in the selection of analytical lines for ICPatomic emission spectroscopy (AES). As an initial step in the preparation of such an atlas, we have recorded the ICP emission spectra of some 70 elements over a wavelength range of ~320 nm that covers the prominent lines. Publication of an atlas of these recordings is the eventual goal, but in view of the rapid anticipated growth of ICP atomic emission spectroscopy to new analytical problems, 7 the rapid publication of a definitive list of the prominent lines compiled from these recordings is highly desirable. We use the term prominent* line because we have chosen to express the line strengths in terms of net signal/background ratios and estimated detection limits. For analytical purposes these quantities are far more useful than relative intensities. Also, the use of net signal/ background ratios eliminates the need for consideration of photomultiplier sensitivity and grating efficiency as functions of wavelength. When possible, 10 or more of the prominent lines of each element are listed. Some elements, e.g., boron and carbon, emit fewer than 10 lines of measurable intensity in the ICP under the operating conditions used in this study.
I. EXPERIMENTAL FACILITIES AND

PROCEDURES
The experimental facilities and operating conditions are shown in Table II . The wavelength scans for all elements were obtained under a single set of operating conditions. The information generated from these scans is therefore applicable to simultaneous multielement ICP methods.
A four decade recording range, made possible by a logarithmic current/voltage converter, allowed the intensity from the full 189 to 516 nm range (189 to 590 nm for sodium) to be recorded without changes in recorder or amplifier settings, thus considerably simplifying the collection of the data and its interpretation. For example, the logarithmic intensity scale allows a simple method to be used for the estimation of detection limits directly from the wavelength recordings.
On a logarithmic scale the separation of two values corresponds to the log of the ratio of the values rather than the absolute difference as would be indicated on a linear scale. The difference, therefore, between a peak intensity (gross intensity Ig) and its background intensity Ib on a log scale may be written:
log Ig -log L, = log Ig
The gross intensity Iu is the sum of Ib and the net analyte intensity L,, therefore Eq. (1) may be rewritten:
= log (/~ + 1)
Now, if a log scale (scaled the same as the recording scale) is laid beside a spectral line, with unity corresponding to the background level, the antilog values on the scale will correspond to the quantity (I,/Ib + 1) as shown at the left of the Zn 213.86 nm peak in Fig. 1 . The i,/Ib ratio can be read directly if the antilog values on the log scale are adjusted by the factor of 1 as shown at the right of the Zn 213.86 nm peak in Fig. 1 . With such a "reading Logarithmic current/voltage converter to Hewlett-Packard 7001AM X-Y recorder " Nomenclature for the ICP gas flows has been defined in Refs. 9 and I0. normal operating conditions, with all components in the signal processing system operating properly, the uncertainty (standard deviation) in the spectral background usually lies within the range of 0.3 to 1.0% of the background signal level. This agrees essentially with the findings of Boumans and DeBoer, 1°' 12 and for our polychromator system 13 applies generally to all analytical lines regardless of wavelength. Therefore, the standard deviation of the background can be approximated by 0.01 L, and the detection limits can be estimated from
I,,
in which C is the analyte concentration which yielded In~ Ib. The analyte concentrations used for the wavelength scans were chosen so that the maximum I,,/Ib ratio for each element fell within the approximate range of 20 to 200. The In/Ib ratios of the most prominent lines of each element were measured with the log scale described above. These ratios, the elemental concentrations, and the appropriate spectral line information were transferred to computer memory from which the information was retrieved alphabetically by element and serially in order of wavelength. The estimated detection limits were computed from Eq. (5) and were printed with the alphabetical and serial line listings. scale," the L,/Ib ratio can be read directly and rapidly for any spectral line on the recording. The detection limit (DL), in its conventional sense, is defined as the analyte concentration required to yield a net signal equivalent to three times the standard deviation of the background beneath the spectral line.ll Under
II. RESULTS AND DISCUSSION
The prominent lines for each element are listed in Appendix A alphabetically by element and in order of decreasing In/I~ ratio for each element group. These same spectral lines are listed in order of wavelength in Appendix B. Information on all lines of argon and hydrogen which appeared in the background and elemental scans with measurable In~Iv ratios is also included in the tables.
Because the detection limits listed in Appendices A and B were estimated from I~/Ib ratios, an inquiry is appropriate into how these detection limits compare with those obtained in the conventional manner. 11 The comparison provided in Fig. 2 shows that the two methods agree moderately well, especially when the uncertainties in the detection limits determined by either method are considered. Detection limits are inherently rather imprecise numbers.
The data in Fig. 2 suggest that the In/Ib based detection limits are conservative estimates. The scatter of the points would not change, but the correlation of the two methods would be closer to 1:1 if 0.7% rather than 1.0% had been used for the estimated relative standard deviation of the background signals. The significance of the comparison of detection limits is, however, that the trace element analytical capabilities of spectral lines can be compared rapidly and in a simple manner, as described in this paper, from wavelength scans made with a logarithmic intensity scale. Our emphasis on line strength, line/background ratios, and detection limits is that these criteria are primary figures of merit for trace and ultratrace analytical appli- The symbols I, II, and III  indicate that the spectral lines originate, respectively, from the neutral atom, singly ionized, and  doubly ionized states. Ratio of net analyte intensity to background intensity.
Preface to Appendices A and B, Explanation of Symbols and Abbreviations
Concentration of the single element analyte solution used for the wavelength scans from which the prominent lines were determined. Estimated detection limit. Detection limits estimated from the I,,/Ib ratios as explained in this paper.
Not measurable because of interfering line listed in COMMENTS column. EST'D DET LIM column may be greater than the precision of the determination justifies, no convenient means of limiting the number of significant digits in the computer printout was available. Normally, only one significant figure is appropriate for detection limit data.l~ Interferences. The comments column includes interference information when a component of the background spectrum overlaps an analyte line (e.g., the Dy 396.839 nm line is located on the broad H 397.007 nm line) or when-an analyte line is located in a complex molecular band system (e.g., the OH 306.36 nm system) where band components may cause spectral interferences. The notation of molecular bands does not preclude the use of analyte wavelengths within the band region; e.g., with our experimental facilities the A1 308.22, Be 313.04, Ca 315.89, and Cu 324.75 nm lines are analytically useful even though they are located in the OH band region. 
All wavelengths listed in Appendices
APPENDIX A Prominent Lines of the Elements Emitted by the Inductively Coupled Plasma, Alphabetical List with the
Lines of each Element Listed in Order of Decreasing In/Ib Ratio
